Summary Seeds of 2 cultivars viz., CSG-89.62 and KPG-59 of Cicer arietinum L. were subjected to four different concentrations i.e., 0.1%, 0.2%, 0.3% and 0.4% of ethylmethane sulphonate. Meiotic studies were carried out in the control as well as in the treated material. Different types of meiotic abnormalities such as stickiness, univalents, multivalents, unorientation of chromosomes, precocious separation of chromosomes at metaphase and bridges, laggards and unequal separation of chromosomes at anaphase were recorded. In general, the meiotic abnormalities increased along with the increase in concentration in both the cultivars. However, cultivar KPG-59 showed more chromosomal abnormalities as compared to cultivar CSG-89.62 at the same treatment. Key words Cicer arietinum, Ethylmethane Sulphonate.
Mutations can be beneficially utilized for tailoring better varieties of crop plants. But in general, chemical mutagen like ethylmethane sulphonate (EMS) effects a wide range of chromosomal alterations resulting into abnormal behaviour during meiosis, leading to varying degree of sterility. Cytological studies provide information regarding the role and effect of various genotypes to a particular mutagen. Cicer arietinum L. is an important food grain crop with high protein content. Ten cultivars of Cicer were tested for their sensitivity through different criteria. Out of these 10, 2 cultivars CSG-89.62 and KPG-59 were selected as they are much sensitive to the mutagen. Meiotic abnormalities induced by chemical mutagens have been rarely reported in Cicer arietinum. The present study has been under taken to assess the effect of ethylmethane sulphonate in the 2 cultivars of Cicer arietinum viz. CSG-89.62 and KPG-59.
Materials and methods
Seeds of 10 cultivars designated as AKG-46, L-550 Jg-74, KPG-2, JG-315, PGB-1, BG-256, K-850, CSG-89.62 and KPG-59 of Cicer arietinum L. obtained from C.S. Azad University of Agriculture and Technology, Kanpur, were treated with 4 different concentrations (0.1%, 0.2%, 0.3% and 0.4%) of ethylmethane sulphonate (E. Merck India Ltd., grade-AR) after presoaking in distilled water for 16 h and sown alongwith the control after thorough washing. These were grown under strictly similar conditions of growth. Meiotic studies were conducted both in the control as well as treated plants from suitable anthers fixed in Carnoy's fixative and preserved in 70% alcohol. Cytological studies were carried out through squash preparations in 10-12 randomly selected plants at each concentration.
Results
All the varieties showed almost similar response such as a general reduction in germination of seeds and in survival of plants with increasing concentrations of EMS treatment. The meiotic abnormalities registered a dose based increase in all the cultivars (Table 1) . For the purpose of selection of most sensitive strains, all these 3 parameters were used. Depending upon sharp reduction in germination and survival as also the increase in chromosomal abnormalities, 2 cultivars viz. CSG-89.62 and KPG-59 were selected. In the control as well as the treated material of both selected varieties, diakinesis was found to be very difficult to interpret where the bivalents were highly condensed. Metaphase I of control materials showed 8 bivalents (Figs. 1, 2) . The data on various chromosomal associations such as stickiness, univalents, multivalents, un-orientation of chromosomes, laggards, bridges and micronuclei etc. are presented in Tables 2 and 3. The chromosome stickiness increased along with the increasing concentrations of EMS i.e. 0.47% and 1.13% in CSG-89.62 while 0.71% and 1.50% in KPG-59 at 0.1% and 0.4% treatment, respectively (Tables 2, 3 ). The percentage of pollen mother cells with univalents and multivalents increased along with increasing concentrations of EMS in both the cultivars except at 0.1% EMS in CSG-89.62 where no univalents were observed. In the cultivar CSG-89.62, 1.36% univalents were observed at highest concentration (0.4%) of EMS, whereas, the cultivar KPG-59 produced about 1.50% univalents at the same concentration. At the highest concentrations (0.4%), CSG-89.62 showed 0.90% multivalents as compared to 1.07% multivalents in KPG-59. The types of multivalents (Figs. 3, 4, 6) recorded were cross quadrivalent, ring trivalents etc.
In the cultivar CSG-89.62, the pollen mother cells with non-orientation and precocious separation of chromosomes (Figs. 5, 6) were less than in cultivar KPG-59 at all the concentrations of EMS (Tables 1, 2) . At anaphase I, the percentage of pollen mother cells with laggards (Figs. 7, 8 ), multipolarity (Fig. 10) , bridges (Figs. 9, 11, 12) , non disjunction of chromosomes etc. also increased alongwith the increasing treatment of EMS from 0.1% to 0.4%. All these abnormalities were comparatively more remarkable in cultivar KPG-59 than in cultivar CSG-89.62. In both the cultivars, unequal segregation of chromosomes and non disjunction of chromosomes were not observed at lowest concentration (0.1%) of EMS but increased with increasing concentration from 0.2% to 0.4% of EMS. At highest concentrations (0.4%), however, cultivar CSG-89.62 showed 1.81% micronuclei as compared to 1.93% micronuclei in KPG-59. Cytomixis between 2 or more pollen mother cells was observed at all concentrations of EMS, in both the cultivars. The increase in sterility along with increasing concentration of mutagen was consistent with the increase in meiotic irregularities.
Discussion
Meiotic abnormalities were increased along with the increasing concentrations of ethyl methanesulphonate in both cultivars. Different types of chromosomal abnormalities observed during the present investigation have also been reported by different workers in different plant materials after treatment with physical and chemical mutagens. (Ahmad and Godward 1981 , Ahmad 1993 , Anis and Wani 1997 , Kumar and Dubey 1998 , Dhamayanthi and Reddy 2000 . Most of these workers have obtained a dose dependent increase in the meiotic aberrations, and the varietal sensitivity to mutagenic treatment was also reported by some workers.
Stickiness of chromosomes could be the result of disturbances in cytochemically balanced reactions by the secondary effect of radiation (Jayabalan and Rao 1987) while Tarar and Dnyansagar (1980) reported that stickiness at meiosis was due to depolymerisation of nucleic acid caused by mutagenic treatment. Univalents and different types of multivalents associations as observed during the present investigations have been also reported by many workers. According to Prasad (1965) and Sinha (1967) the formation of multivalents was the possible outcome of exchange between nonhomologous chromosomes due to translocations. Sometimes, some of the univalents were disjointed early and this happened presumably by the genic differences. Anis and Wani (1997) reported that such chromosomal divergences, in the form of precocious movement are pointed towards structural differentiation of homologous pair. Separation of homologous chromosomes at anaphase I and telophase I revealed high incidence of abnormalities in the form of chromatin bridges and laggards. During the present study, bridge formation could be attributed to the general stickiness of chromosomes at metaphase stage or to the breakage and reunion of chromosomes. Similar bridges have been reported by many workers after irradiation and chemical treatment (Amer and Farah 1985, Ahmad 1993) . The laggards observed during the present study might be due to the delayed terminalization, stickiness of chromosomes ends or because of failure of the chromosomal movement (Jayabalan and Rao 1987, Soheir et al. 1989) . Schutz-Shaeffer (1980) ments and lagging chromosomes which fail to reach the poles and to get included in the daughter nuclei (Kumar and Dubey 1998) , whereas disturbed polarity at anaphase and telophase stages could be due to the spindle disturbances. Cytomixis refers to the migration of chromatin/chromosomes from one cell into the cytoplasm of another cell through cytoplasm channels. The probable causes of cytomixis are pathological conditions (Bobak and Herich 1978) and changes in gene control (Omara 1976 ). The process is considered to be a source of production at aneuploid and polyploid gametes (Kaul 1990 , Yen et al. 1993 .
Results obtained here indicate that although the types of abnormalities were more or less common in both the cultivars but the frequency of aberrations were comparatively higher in the KPG-59 indicating its greater sensitivity to the mutagen. Intervarietal differences in the radiosensitivity have been reported by many workers , Akbar et al. 1976 , Ahmad and Godward 1981 .
